The effect of acute coinfections on plasma human immunodeficiency virus (HIV) load and immune activation markers was evaluated. Thirty-two HIV-infected persons were prospectively enrolled; 18 had pre-illness, acute, and follow-up specimens. Plasma HIV RNA levels were determined by reverse transcriptase-polymerase chain reaction, and serum levels of activation markers, including tumor necrosis factor (TNF)-a, soluble (s) TNF receptors (R)-I and -II, interleukin (IL)-2, IL-6, IL-10, sIL-2R, sCD4, and sCD8, were assessed by commercial ELISAs. Median plasma HIV load increased 7.8-fold during illness ( ) and decreased P ϭ .001 1.5-fold ( ) during convalescence (median, 15 days). Significant virus load reductions P ϭ .01 were limited to subjects with clinical recovery. By regression analysis, changes in plasma HIV RNA were significantly associated with changes in sTNFR-I, sTNFR-II, and sIL-2R. Increased HIV replication during acute coinfections is associated with in vivo immune activation, which underscores the need to prevent and promptly treat intercurrent illnesses.
can stimulate HIV replication within HIV target cells, primarily CD4 T lymphocytes and monocytes/macrophages [2, 16] . Efficient replication of HIV in CD4 T cells is dependent on cellular activation. The activation of naive CD4 T cells facilitates productive infection with HIV and thereby may increase plasma viremia [12] . In addition, proinflammatory cytokines, such as tumor necrosis factor-a (TNF-a), produced by activated monocytes/macrophages, can stimulate HIV replication by increasing nuclear factor-kB (NF-kB) binding to the HIV long terminal repeat region [17] .
While CD4 T cell activation and proinflammatory cytokines are capable of up-regulating HIV expression in vitro, the in vivo situation is less clear [16, 18] . Serum levels of proinflammatory cytokines may be elevated in HIV-infected persons in the absence of coinfection, and serum concentrations of soluble (s) TNF receptor (R)-II have been correlated with HIV disease progression [19, 20] . Many bacterial and parasitic infections are powerful inducers of proinflammatory cytokine release both in vitro and in vivo, and all coinfections lead to antigenic exposure that triggers T cell activation. In this manner, coinfections may promote HIV expression. However, the in vivo role of proinflammatory cytokines and cellular immune activation in the regulation of HIV replication during acute infectious illnesses has not been well-characterized.
We undertook the current study to assess the impact of the development and treatment of acute infections on plasma HIV RNA concentrations and serum levels of cytokines and soluble markers of lymphocytic and monocytic activation, including TNF-a, sTNFR-I, sTNFR-II, interleukin-2 (IL-2), sIL-2R, IL-6, IL-10, sCD4, and sCD8, and to characterize the relationship between these cytokines and markers of lymphocyte or monocyte activation and the changes observed in plasma HIV load.
Methods
Study population and design. Subjects were prospectively recruited and followed at the Johns Hopkins Hospital AIDS Service, which serves a heterogeneous urban population. Inpatient admissions and outpatient visits were screened for eligible subjects from August 1996 to December 1996. Patients were eligible for the study if they were diagnosed with a treatable or self-limited acute infection and if they had had no alteration in antiretroviral medications for at least 4 weeks before study entry or were not taking antiretroviral therapy. Diagnosis and treatment of the acute illness was done by the primary clinician and reviewed by study investigators. Clinical evaluations and phlebotomy were done within 48 h of initiation of treatment of the acute infection and during follow-up visits 2 and 4 weeks after study entry.
Clinical status at follow-up was categorized as "improved" or "nonimproved." Patients were classified as improved if they demonstrated objective evidence of resolution of the acute illness, including discharge from the hospital and the normalization of abnormal clinical and laboratory parameters, such as fever, tachypnea, tachycardia, hypotension, hypoxemia, and leukocytosis. Patients were categorized as nonimproved if they remained hospitalized, did not experience normalization of abnormal clinical and laboratory parameters, or were diagnosed with a new infectious illness during the follow-up period. The clinical status of each subject was classified by investigators without knowledge of the results of the virus load and immune marker assays. Subjects were questioned, and medical charts were reviewed to assess treatment compliance and interval changes in antiretroviral medications. Patients with alterations in antiretroviral medications were discontinued from the study at the time of the change.
Sample collection. Pre-illness HIV RNA quantification by reverse transcriptase-polymerase chain reaction (RT-PCR) was retrospectively obtained for a subset of 18 subjects. These plasma specimens had been previously collected during periods of clinical stability. The median time from baseline specimen collection to study entry was 61 days (range, . Nine patients were taking antiretroviral therapy at the time of the pre-illness sample collection and reported no change in their antiretroviral medications before study entry. The baseline specimens were separated by centrifugation at 400 g and frozen at Ϫ70ЊC within 4 h of specimen collection. All other subject samples were prospectively obtained within 48 h of diagnosis and at 2-and 4-week follow-up visits. The plasma from these specimens was separated within 6 h of collection by centrifugation at 400 g and stored at Ϫ70ЊC until assayed. All samples were collected in Vacutainer (Becton Dickinson, Baltimore) tubes containing EDTA, and plasma specimens for each subject were assayed simultaneously during the same freeze-thaw cycle.
Laboratory assays. Plasma HIV RNA copy number was determined by RT [21] .
Results
Study population. Thirty-two HIV-infected adults (18 females and 14 males; 27 African-American and 5 Caucasian) were enrolled in the study. The median age was 36.5 years (range, 20-56), and the initial median CD4 cell count was 91.5/ mm 3 (range, 1-449). Eighteen subjects had CD4 cell counts
. Twenty-six subjects had a diagnosis of AIDS by the 1993 CDC AIDS Surveillance Case Definition. Nineteen subjects were not receiving concurrent antiretroviral therapy, and 13 patients were taking antiretroviral medications. One subject was receiving an HIV-1 protease inhibitor in combination with other antiretroviral drugs.
Subjects were diagnosed with a variety of acute infections commonly seen among HIV-infected patients, including bacterial pneumonia (10 patients), P. carinii pneumonia (5), bacteremia (4), cellulitis (3), pulmonary aspergillosis (2), febrile viral syndrome (2), herpes zoster (1), sinusitis (1), Mycobacterium kansasii pneumonia (1), disseminated M. avium-intracellulare complex (1), Toxoplasma encephalitis (1), and cryptococcal meningitis (1) . Eighteen of 32 enrolled subjects had baseline HIV RNA determinations done during periods of clinical stability before study participation. Twenty-eight subjects completed at least one follow-up evaluation, and 19 subjects completed two follow-up visits. Four subjects were lost to followup after study entry.
Plasma HIV RNA concentration during acute infection. Characteristics of the 18 patients with HIV RNA levels determined before, during, and after an acute infection are shown in table 1. The median pre-illness HIV RNA concentration was 108,442 copies/mL determined before study entry (median, 61 days; range, . During acute infection, the median plasma HIV load increase above pre-illness levels was 428,896 copies/mL (intraquartile range, 122,868-663,414), representing a median 7.8-fold (intraquartile range, 2.2-31.5) change (P ϭ ). Ten of 18 patients experienced a 14-fold increase in .001
Downloaded from https://academic.oup.com/jid/article-abstract/178/6/1642/846499 by guest on 02 February 2019 plasma HIV RNA concentration. Subjects receiving concurrent antiretroviral therapy ( ) had a median plasma virus load n ϭ 9 increase of 495,386 copies/mL, while those not receiving antiretroviral medication ( ) exhibited a smaller median inn ϭ 9 crease of 210,880 copies/mL; however, this difference was not statistically significant ( ). At the first follow-up visit P ϭ .14 (median, 15 days; range, 13-41), the median plasma HIV RNA concentration was 285,893 copies/mL, and the median decrease from HIV RNA levels at acute illness was 1.5-fold (intraquartile range, 1.0-3.3;
). Four patients exhibited a 14-fold P ϭ .008 reduction in plasma HIV RNA.
Impact of clinical status on plasma HIV RNA levels during convalescence. At the time of acute illness, 32 subjects had a median plasma HIV load of 429,393 copies/mL. Of these patients, 28 were evaluated at a 2-week follow-up visit (median, 15 days after entry; range, 10-48). Twenty subjects had clinical improvement, while 8 remained ill or experienced a secondary infection. Patients with clinical improvement had a median decrease in plasma HIV RNA level of 103,862 copies/mL (intraquartile range, Ϫ333,366 to Ϫ2906), representing a 1.5-fold (intraquartile range, 1.0-3.2) reduction from the time of acute illness (
). Fifteen of these 20 subjects had decreases in P ϭ .01 plasma virus load. The 8 subjects without clinical improvement had a median decrease in plasma HIV load of 10,862 copies/ mL (intraquartile range, Ϫ27,194 to 82,636), representing no significant change from levels during acute illness ( ). P ϭ .57 At the second follow-up evaluation (median, 30 days after entry; range, 25-92), 14 of 19 subjects had evidence of clinical improvement, while 5 had persistent illness or had developed a secondary infection. For patients with clinical improvement, the median decrease in plasma virus load from acute illness was 196,024 copies/mL (intraquartile range, Ϫ296,402 to Ϫ44,353), representing a 2.3-fold (intraquartile range, 1.4-2.8) reduction in plasma HIV RNA ( ). Eleven of the 14 subjects with P ϭ .025 clinical improvement demonstrated decreases in HIV RNA. In contrast, the 5 subjects without clinical improvement experienced continued elevation in plasma viremia, with a median increase in plasma HIV RNA of 54,156 copies/mL (intraquartile range, 20,773-221,223), reflecting a 1.5-fold (intraquartile range, 1.1-2.2) increase above levels at the time of diagnosis (figure 1). Four of these 5 subjects had increases in plasma virus load. However, even among subjects with clinical improvement, convalescent HIV RNA levels tended to be higher than pre-illness levels, although this difference did not attain statistical significance ( at 2 weeks and at 4 weeks). P ϭ .09 P ϭ .28 Cytokines and soluble immune activation markers during acute infection. TNF-a, sTNFR-I, and sTNFR-II levels are shown in table 2. Levels of these markers were not significantly different between baseline assessment and acute illness or between acute illness and the 2-week follow-up visit, even after stratification by clinical status at follow-up visit. Soluble TNFR-II levels at the 4-week evaluation were lower than at the time of acute illness among subjects with clinical improvement (P ϭ ); no significant change was noted for subjects without clin-.05 ical recovery. Stratification by patients' clinical status at 4 weeks revealed a trend toward significant differences in the change in TNF-a ( ) and sTNFR-II ( ) levels from those P ϭ .026 P ϭ .043 during acute illness. Clinical improvement was associated with decreasing levels of TNF-a and sTNFR-II; conversely, increasing levels were seen among subjects with persistent illness. Levels of IL-6, IL-10, IL-2, sIL-2R, sCD4, and sCD8 are shown in table 3. Median levels of these markers did not vary significantly over the course of the infectious illness, and stratification by CD4 T cell count at baseline and clinical status at the time of follow-up revealed no significant effect on levels of these markers (data not shown).
Correlates of virus load change. The change in plasma HIV RNA level over the course of illness was analyzed by use of the generalized estimating equation regression model. Change in plasma HIV RNA levels correlated significantly with simultaneous changes in levels of sTNFR-I ( ), sTNFR-P ! .001 II ( ), and sIL-2R ( ). Change in HIV RNA P ϭ .005 P ϭ .002 level was not associated with change in plasma levels of TNFa, IL-2, IL-6, IL-10, or sCD4 or sCD8 T cell markers.
Differences between bacterial and P. carinii pneumonia. Patients with P. carinii pneumonia demonstrated a trend toward lower CD4 cell counts and higher plasma HIV RNA levels than those parameters in subjects with bacterial pneumonia, although these differences were not significant. At pre-illness measurements, subjects with P. carinii pneumonia had higher levels of TNFR-I ( ) and IL-2R ( ), although data P ϭ .03 P ϭ .03
were available for only 7 patients (P. carinii pneumonia, 3; bacterial pneumonia, 4). At the time of acute illness, patients with P. carinii pneumonia tended to have higher levels of TNFa, sTNFR-I, sTNFR-II, IL-10, IL-2, sIL-2R, and IL-6 than did those with bacterial pneumonia (table 4) .
Discussion
The data demonstrate that common acute infectious illnesses may be associated with significant increases in HIV replication. During acute illness, 10 of 18 subjects with pre-illness specimens had a 14-fold increase in plasma HIV load, indicating an increase above that attributable to temporal or assay-related variability [22] . Among subjects experiencing clinical recovery, such HIV load increases were generally transient, and most subjects had a return of plasma HIV RNA levels toward baseline levels within 2-4 weeks of treatment. However, the plasma HIV load did not return to pre-illness levels in all subjects, despite the clinical resolution of their illness.
These data are consistent with prior studies of plasma HIV RNA levels during acute infectious illnesses. Bush et al. [5] retrospectively evaluated plasma virus load changes among 13 subjects with bacterial pneumonia. All subjects had increases in plasma viremia, which returned toward baseline levels after a median of 2.4 months of follow-up. Similarly, Bush et al. [3] examined plasma virus load and neopterin levels during episodes of P. carinii pneumonia. Nine of 10 subjects had reversible increases in plasma virus burden, while levels of neopterin, a marker of monocyte or lymphocyte activation, were stable. Cooper et al. [7] reported a 1-log decrease in plasma HIV RNA levels among 4 of 5 children treated for disseminated M. aviumintracellulare complex infection. Mole et al. [1] found transient increases in plasma virus load and intracellular HIV gag mRNA concentration among persons with herpes simplex virus outbreaks.
In contrast to these studies, the prospective component of our study allowed for the careful assessment of the presence and duration of virus load elevation in subjects with clinical resolution of illness, as well as the impact of ongoing clinical infection on plasma HIV load. In subjects with clinical recovery, plasma virus load returned toward baseline levels over a 4-week period. However, patients experiencing progressive or recurrent illness demonstrated persistent elevation of plasma HIV RNA levels, and some experienced further increases in plasma virus burden.
The persistent up-regulation of viral replication among patients nonresponsive to treatment suggests that chronic or recurrent infectious illnesses may contribute to sustained, high levels of viremia and may, thereby, accelerate HIV disease progression. While the clinical significance of the plasma virus load increases observed in our study is not known, several studies suggest that concurrent infections are associated with HIV disease progression. Whalen et al. [15] demonstrated that active M. tuberculosis infection was associated with decreased survival among HIV-infected patients, after controlling for CD4 cell count, antiretroviral therapy, and previous opportunistic infection. Similarly, Chaisson et al. [14] reported that despite its successful treatment, the development of an opportunistic infection was an independent risk factor for death among an urban patient cohort. Alcabes et al. [23] found that pyogenic bacterial infections were associated with an accelerated rate of CD4 cell decline. Thus, immune activation-driven HIV replication may, in part, explain the aggressive course of HIV infection in some persons and may provide a likely mechanism for the postulated more rapid course of immunologic decline among HIV-infected persons in sub-Saharan Africa, where coinfections are common and often continuous [24] .
While we have demonstrated the virologic impact of acute infectious illnesses among our study population, these findings may not be generalizable to other populations, such as persons with preserved immune function or those receiving highly effective antiretroviral therapy. Mole et al. [1] found that the increase in plasma HIV RNA was greater among herpes simplex virus-infected subjects not taking concurrent antiretroviral agents, suggesting that antiretroviral therapy may prevent HIV up-regulation during periods of immune activation. Al-Harthi et al. [25] demonstrated the ability of an HIV-1 protease inhibitor (ritonavir) to block TNF-a-, IL-6-, and IL-1b-induced HIV replication in vitro. While we found a trend toward smaller increases in virus load during acute infectious illness among subjects taking antiretroviral therapy, our study is limited by the small number of subjects receiving effective antiretroviral therapy and by the relatively high proportion of subjects with advanced HIV disease. Further investigations of the impact of acute intercurrent infections among HIV-infected persons with preserved CD4 T cell counts and effective pharmacologic virus suppression are warranted.
Our study extends the findings of previous investigations by providing evidence of mechanisms that may be responsible for infection-related changes in viral replication. We found that changes in plasma HIV RNA concentration correlate with simultaneous changes in serum sTNFR-I, sTNFR-II, and sIL-2R levels. The former two likely represent an integration of previous TNF-a release, although they may also be induced by other cytokines, such as IL-6 and IL-2, whereas sIL-2R levels can correlate with both macrophage and lymphocyte activation.
However, the data do not exclude the possibility that other cytokines influence HIV replication during acute infectious illnesses. Cytokines typically have short serum half-lives; consequently, the measured serum concentrations of these markers may not correlate temporally with their immunologic or virologic effect. In addition, different infectious processes may stimulate distinct immune response patterns, depending on their chronicity. We found that patients with P. carinii pneumonia, a subacute process, had higher levels of proinflammatory cytokines than did those with acute bacterial pneumonia at the time of diagnosis. Thus, while not definitive, the data suggest that host immune activation, particularly TNF-a and its soluble receptors, may be important in the in vivo regulation of HIV expression during acute infectious illness.
TNF-a has been shown to stimulate HIV expression in peripheral blood mononuclear cells and can stimulate HIV replication in vitro by activation of the cellular transcription factor NF-kB [17, 26] . TNF-a interacts with responding cells via two membrane-bound receptors, TNFR-I (55 kDa) and TNFR-II (75 kDa), which are expressed on multiple cell types [27] [28] [29] . The extracellular domains of these receptor molecules are released after binding by TNF-a and are easily measured in plasma, whereas TNF-a is rapidly cleared from circulation and may be difficult to quantitate in clinical specimens. Consequently, serum levels of sTNFRs may more accurately reflect in vivo activity of TNF-a [30] [31] [32] .
Serum levels of sTNFR-II may be elevated among HIVinfected persons, and levels correlate with HIV disease stage and disease progression [18, 19, [33] [34] [35] . Bilello et al. [35] found that serum sTNFR-II strongly correlated with HIV RNA copy number among stable HIV-infected persons. Godfried et al. [20] demonstrated that serum sTNFR-II levels were predictive of subsequent progression to AIDS. Recently, Stein et al. [19] found that sTNFR-II levels predicted the rapid progression of HIV disease and death and may increase the predictive value of HIV RNA determinations among participants in the Multicenter AIDS Cohort Study. Finally, levels of sTNFR-II appear to decline in response to antiretroviral therapy, suggesting a relationship between immune activation, HIV replication, and antiviral efficacy [36, 37] .
In conclusion, our data suggest a link between in vivo immune activation and the regulation of HIV expression during acute infectious illnesses. Further studies are needed to define the role of individual cytokines and to determine the clinical and virologic significance of infection-related HIV expression, particularly among patients receiving highly effective antiretroviral therapy. Nonetheless, our findings underscore the importance of the prevention and prompt treatment of intercurrent infections among HIV-infected persons and emphasize the caution needed in the clinical interpretation of plasma virus load measurements during periods of acute infection.
